Logging and poor shifting cultivation negatively affect initial soil carbon (C) storage, especially at the initial stage of deforestation, as these practices lead to global warming. As a result, an afforestation program is needed to mitigate this problem. This study assessed initial soil C buildup of rehabilitated forests using Fourier transform infrared (FTIR) spectroscopy. The relatively high E4/E6 values of humic acids (HAs) in the rehabilitated forest indicate prominence of aliphatic components, suggesting that the HAs were of low molecular weight. The total acidity, carboxylic (-COOH) and phenolic (-OH) of the rehabilitated forest were found to be consistent with the ranges reported by other researchers. The spectra of all locations were similar because there was no significant difference in the quantities of C in humic acids (CHA) regardless of forest age and soil depth. The spectra showed distinct absorbance at 3290, 1720, 1630, 1510, 1460, 1380, and 1270 cm -1 . Increase of band at 1630 and 1510 cm -1 from 0-20 to 40-60 cm were observed, suggesting C buildup from the lowest depths 20-40 and 40-60 cm. However, the CHA content in the soil depths was not different. The band at 1630 cm -1 was assigned to carboxylic and aromatic groups. Increase in peak intensity at 1510 cm -1 was because C/N ratio increased with increasing soil depth. This indicates that decomposition rate decreased with increasing soil depth and decreased with CHA. The finding suggests that FTIR spectroscopy enables the assessment of C composition functional group buildup at different depths and ages.
INTRODUCTION
Currently, land-use changes are becoming the largest contribution of anthropogenic emissions besides fossil fuel emissions [1] . This is because land-use changes affect carbon (C) storage and also the amount of biomass and C stored in vegetation, thus causing a decrease in soil fertility [2] . Land use in Malaysia,
MATERIALS AND METHODS
This study was conducted in a rehabilitated forest of the University Putra Malaysia, Bintulu Sarawak Campus area (latitude 03   o   12 N and longitude 113 o 02 E), with mean annual rainfall, temperature, and relative humidity of 2933 mm, 27 o C, and 80%, respectively. The area was previously abandoned after shifting cultivation and it has been rehabilitated since 1991 by planting indigenous timber species from the family Dipterocarpaceae and Non-Dipterocarpaceae, such as Anacardiacea, Annonaceae, Bombacaceae, Compositae, and Meliaceae. The soil texture of the rehabilitated forest is sandy loam and was typical of Nyalau Series (Typic Tualemkuts). An auger was used to collect soil samples from the 1-to 7-year-old rehabilitated forest areas. Soil sampling for all of the ages of the rehabilitated forest was done at the same time to avoid bias. The size of each experimental plot was 30  40 m. A total of 10 soil samples were taken at random depths of 0-20, 20-40, and 40-60 cm in each plot for each age. Each sample was a bulk of three subsamples.
The soil samples were air dried, pounded, and sieved to pass a 2-mm size. Soil pH was determined in a 1:2.5 ratio of soil:distilled water suspension and/or 1 M KCl using glass electrode [16] . The soil total N was determined using the micro-Kjeldahl method [17] . The soil total C and CHA were analyzed using a CHNS analyzer [18] . Ch'ng et al.: Rehabilitated Forest Soil Carbon TheScientificWorldJOURNAL (2011) 11, [532] [533] [534] [535] [536] [537] [538] [539] [540] [541] [542] [543] [544] [545] 
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The extraction of HA was done using the method described by Stevenson[19] , but with some modifications. A 10-g soil sample was placed in a polyethylene centrifuge bottle, after which 100 mL of 0.1 M NaOH solution was added and the bottle was tightly closed with a rubber stopper [20] . The samples were equilibrated at room temperature on a reciprocal mechanical shaker at 180 rpm for 12 h. After the extraction period, the walls of the bottle were washed using distilled water and the mixture was centrifuged at 16,211 g for 15 min. The dark-colored supernatant liquors containing the HA were decanted, filtered through glass-wool, and the pH of the solution was adjusted to 1.0 with 6 M HCl. The HA was equilibrated at room temperature for 12 h. After 12 h, the supernatant (fulvic acids) was siphoned off from the acidified extract. The remainder of the suspension was transferred to polyethylene bottles and the HA was centrifuged. A purification process was conducted to purify the HA. It was done by using the method described by Ahmed et al. [21] with some modifications. The HA was purified by suspension in 100 mL of distilled water and centrifuged at 16,211 g for 10 min, and the supernatant was decanted. The washed HA was oven dried at 40 o C to a constant weight. The yield of the HA was expressed as percentage of the weight of soil used. The humification level of HA was determined using E 4 /E 6 Perkin Elmer Lambda 25 UV/VIS spectroscopy [19, 22] . The carboxylic (-COOH), phenolic (-OH) functional groups and total acidity were determined by the method described by Inbar et al. [23] .
The HAs extracted were analyzed for the C functional groups spectrum using FTIR. Two milligrams of the HA samples were pressed with (FTIR grade) KBr (1:100) to a pellet. The pellet was immediately measured in a spectrometer after preparation under ambient conditions using the transmission mode. The measurement was carried out in the mid-IR range from 4000 to 400 cm -1 with a Perkin-Elmer 2000 FTIR spectrometer. The resolution was set to 4 cm -1 , 32 scans were recorded, averaged for each spectrum, and corrected against ambient air as background. Corrected peak heights were used for FTIR analysis and were obtained using Perkin-Elmer software Spectrum for Windows 1.3 (1996) . In order to quantify the relative changes in the FTIR spectra and for the spectra comparison, relative absorbance (rA) was calculated by dividing the corrected peak height of a distinct peak by the sum of the heights of all peaks at 3290, 1720, 1630, 1510, 1450, 1380, and 1270 cm -1 , and multiplied by 100 (rA = % of the sum of all peak heights from 3290 to 1270 cm -1 ). Data obtained from the laboratory analysis were analyzed using the Statistical Analysis System (SAS) Version 9.2. One-way analysis of variance (ANOVA) was used to detect significant differences between pH (water) and pH (KCl), soil total C, CHA, total N, C/N ratio, and HA at different soil depths and different ages of the rehabilitated forest. Tukey's HSD test (p ≤ 0.05) was used to separate the means of the bulk densities, SOM, soil total C, CHA, total N, C/N ratio, and HA between soil depths and different ages of the rehabilitated forest.
RESULTS AND DISCUSSION

Soil Samples Analysis
The pH (Table 1 ) of the different ages of the rehabilitated forest, regardless of soil depths, was typical of Ultisols. There was significant difference between the pH (1 M KCl) of the rehabilitated forest soils at 0-20, 20-40, and 40-60 cm, except for the 1-year-old rehabilitated forest soil. The pH (1 M KCl) at 0-20 cm of the 2-, 3-, 4-, 5-, 6-, and 7-year-old rehabilitated forest soils were lower than those at 20-40 and 40-60 cm, except for the 1-year-old rehabilitated forest soil, which showed no significant difference in pH (1 M KCl) in the three different depths. On the other hand, there was no significant difference between the pH (water) of the rehabilitated forest soil at 0-20, 20-40, and 40-60 cm except for the 7-year-old rehabilitated forest soil. The higher pH (1 M KCl) values of the soil at 20-40 and 40-60 cm compared to those at 0-20 cm of the 2-, 3-, 4-, and 7-year-old soils could be due to the leaching of basic cations from 0-20 cm to 20-40 and 40-60 cm. The significant difference between soil pH of the different ages of the rehabilitated forest regardless of soil depth suggests that different ages of the rehabilitated forest at different locations had a significant effect on the soil pH. The soil total N content ( Table 2 ) obtained for the different ages of the rehabilitated forest was in the range reported by Lee et al. [15] . The percentage of soil total N of the rehabilitated forests generally decreased down the soil profile. However, there was no significant difference between the soil total N content in the 2-year-old rehabilitated forest as well as between the different ages of the rehabilitated forest within the same depth. The significant decrease in percentage of soil total N of the rehabilitated forest down the soil profile and this observation was consistent with the general observation that soil N decreases with increasing soil depth because of a decrease in organic N. The soil total N regardless of soil depth and age of the rehabilitated forest were typical of Ultisols. The absence of a significant difference of total N between the topsoil and subsoil could be attributed to the soil texture, which was sandy loam, whereby there was a possibility of the N being leached out from 0-20 cm and accumulated in the 20-40 cm. The C/N ratio significantly increased down the profile for the different ages of the rehabilitated forest (Table 2 ). This suggests that there was more humification at 0-20 cm than at 20-40 and 40-60 cm [24, 25] . The significant difference observed in the C/N ratios of the different ages of the rehabilitated forest at 0-20, 20-40, and 40-60 cm suggest differences in the humification levels because it is impossible to obtain a uniform humification degree across the different ages of the forest and down the soil profiles. The lower C/N ratios of the 1-, 2-, and 5-year-old rehabilitated forest soils compared to those of the 3-, 6-, and 7-year-old forest soils could be due to the significant accumulation of N at a depth of 0-20 cm as discussed previously.
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There was a significant difference in the percentages of soil total C of the different ages of the rehabilitated forest with increasing soil depth ( Table 3 ). The quantities of total C in the different ages of the rehabilitated forest in the topsoil were significantly different from those of subsoil except for the 4-year-old rehabilitated forest soil. The lower content of C in the subsoil was due to the lack of N for efficient conversion of biomass C to humus C, which is required for humification of biomass returned to soil. It also suggests that higher decomposition of biomass may have occurred through the decomposition of plant and animal residues, root exudates, and living and dead microorganisms. In addition, pH has association with total C. The acidic nature of the soil may have limited the abundance of microbes and their ability to decompose biomass to release more C [26] . 
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The percentages of HA yields and corresponding quantities in mg ha -1 of the rehabilitated forest at the three different depths were statistically different ( Table 4) . The percentages and corresponding quantities of HA significantly decreased down the soil profile, except for the 1-year-old rehabilitated forest soil, whereby the percentage and corresponding yield at 20-40 cm was lower than at 40-60 cm. The HA yields also showed significant differences between different ages of the rehabilitated forest. This suggests that there was more humification at 0-20 cm than at 20-40 and 40-60 cm [27] . In addition, the lack of sufficient N for efficient conversion of biomass C to humus C, which is required for humification of biomass returned to soil, was also one of the reasons behind this observation. 
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The relatively high E4/E6 values (Table 5) in the rehabilitated forest indicate prominence of aliphatic components or the HA in this study were of low molecular weights [19, 28] . The effectiveness of washing the HA with distilled water is to indicate its purity without altering its chemical characteristics. The total acidity, carboxylic (-COOH) and phenolic (-OH) of the rehabilitated forest were found to be consistent with the ranges reported by other researchers [29, 30] . 
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There was no significant difference in the quantity of CHA for the different ages of the rehabilitated forest at soil depths of 0-20, 20-40, and 40-60 cm (Table 6 ). The quantities of CHA from the 1-to 7-year-old rehabilitated forest soils at the depth of 0-20 cm were generally higher than those at 20-40 and 40-60 cm, although there was no significant difference between the depths. This shows that planting the exotic species of trees in the rehabilitated forest at initial stages (until 7 years old) does not exert any difference in the amount of C sequestered in the Ultisols. Since the CHA is more stable, it is more realistic to quantify the amount of C sequestered in setting up the rehabilitated forest at initial stages [27] . 
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FTIR Spectra
The spectra characteristics of C buildup in the rehabilitated forest soils are shown in Figs. 1-4 . In general, the spectra characteristics of all the locations were similar and showed similar peak patterns. The spectra generally showed distinct absorbance at 3290, 1720, 1630, 1510, 1460, 1380, and 1270 cm -1 (Table 7) . This could be due to the fact that there was no significant difference in the quantities of stable C between different ages of the rehabilitated forest and at the three different soil depths. The bands at 3920 cm -1 (Table 7) was assigned to C=O vibrations of carboxylates and aromatic vibrations [2, 19] . The bands at 1510, 1460, 1380, and 1270 cm -1 were attributed to CH and NH (amide II) bending motion, molecule skeleton vibration, and carbon oxygen bond vibration [13] . Bands in this region are highly mixed, representing coupled vibrations, and the analyzed samples are chemically highly complex, containing a number of substances. Thus, it is not possible to assign them to one specific functional group or to a specific substance [19] . The peak at 1510 cm -1 was due to the amide II vibrations and to aromatic C=C vibrations. However, the intensity of these bands increased from soil depths of 20-40 to 40-60 cm [19] . The increase in band was in line with the increase of C/N ratio with increasing soil depth and it reflects that decomposition rate slowed down as the soil depth increased. The relative absorbance of the band 3920 cm -1 (O-H and N-H stretching) was found to be different within different ages of the rehabilitated forest. The relative absorbance band at 1630 cm -1 slightly increased from the topsoil to the subsoil. This suggests that there was an increase in aromatic and carboxylic groups during litter degradation [28] . The 1630/3920 and 1630/1510 ratios increased from 20-40 to 40-60 cm (Fig. 4) . This represents an increase in carboxylates and aromaticity, and a decomposition of structural properties of the forest litter substances that are responsible for the band 1510 cm -1 . They also reflect a decrease of aliphatic chains during decomposition of forest organic litter [19] .
CONCLUSION
The relatively high E4/E6 values of HAs indicate prominence of aliphatic components and the HAs were of low molecular weight. The total acidity, carboxylic (-COOH) and phenolic (-OH) of the rehabilitated forest were found to be consistent with the ranges reported by other researchers. The spectra of C buildup in the rehabilitated forest soils were similar and showed similar peak patterns. The spectra generally showed distinct absorbance at 3290, 1720, 1630, 1510, 1460, 1380, and 1270 cm -1 . There were no significant differences in the CHA of the different ages of the rehabilitated forest. This finding basically leads to the production of similar spectra and peak patterns. Increase of the bands at 1630 and 1510 cm -1 from 0-20 to 40-60 cm were observed and suggests that C was observed to build up from the lowest depths 20-40 and 40-60 cm. However, the CHA content in the three different soil depths were not statistically different. The band at 1630 cm -1 was assigned to carboxylic and aromatic groups. The increase in the peak intensity at 1510 cm -1 was in line with the increase of C/N ratio with increasing soil depth, and reflects that decomposition rate slowed down as the soil depth increased and decreased with the CHA. The intensity peaks of 1510-1270 cm -1 in analysis of FTIR absorbance serve as an identification and evaluation of decomposition rate in the rehabilitated forest soils. It can be used for identification and distinction of soil depths. This finding suggests that FTIR spectroscopy enables the assessment of C composition functional group buildup at different depths and ages. 
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